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Summary
Background The ESPAC-3 trial showed that adjuvant gemcitabine is the standard of care based on similar survival to 
and less toxicity than adjuvant 5-ﬂ uorouracil/folinic acid in patients with resected pancreatic cancer. Other clinical 
trials have shown better survival and tumour response with gemcitabine and capecitabine than with gemcitabine 
alone in advanced or metastatic pancreatic cancer. We aimed to determine the eﬃ  cacy and safety of gemcitabine and 
capecitabine compared with gemcitabine monotherapy for resected pancreatic cancer.
Methods We did a phase 3, two-group, open-label, multicentre, randomised clinical trial at 92 hospitals in England, 
Scotland, Wales, Germany, France, and Sweden. Eligible patients were aged 18 years or older and had undergone 
complete macroscopic resection for ductal adenocarcinoma of the pancreas (R0 or R1 resection). We randomly 
assigned patients (1:1) within 12 weeks of surgery to receive six cycles of either 1000 mg/m² gemcitabine alone 
administered once a week for three of every 4 weeks (one cycle) or with 1660 mg/m² oral capecitabine administered 
for 21 days followed by 7 days’ rest (one cycle). Randomisation was based on a minimisation routine, and country 
was used as a stratiﬁ cation factor. The primary endpoint was overall survival, measured as the time from 
randomisation until death from any cause, and assessed in the intention-to-treat population. Toxicity was analysed in 
all patients who received trial treatment. This trial was registered with the EudraCT, number 2007-004299-38, and 
ISRCTN, number ISRCTN96397434.
Findings Of 732 patients enrolled, 730 were included in the ﬁ nal analysis. Of these, 366 were randomly assigned to 
receive gemcitabine and 364 to gemcitabine plus capecitabine. The Independent Data and Safety Monitoring Committee 
requested reporting of the results after there were 458 (95%) of a target of 480 deaths. The median overall survival for 
patients in the gemcitabine plus capecitabine group was 28·0 months (95% CI 23·5–31·5) compared with 25·5 months 
(22·7–27·9) in the gemcitabine group (hazard ratio 0·82 [95% CI 0·68–0·98], p=0·032). 608 grade 3–4 adverse events 
were reported by 226 of 359 patients in the gemcitabine plus capecitabine group compared with 481 grade 3–4 adverse 
events in 196 of 366 patients in the gemcitabine group.
Interpretation The adjuvant combination of gemcitabine and capecitabine should be the new standard of care following 
resection for pancreatic ductal adenocarcinoma.
Funding Cancer Research UK.
Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
license.
Introduction
In 2012, an estimated 338 000 new cases of pancreatic 
cancer were diagnosed worldwide and 331 000 people died 
from pancreatic cancer.1 Pancreatic cancer is likely to 
become the second leading cause of cancer mortality in the 
near future because therapies for other cancers are 
becoming more advanced than those for pancreatic cancer 
and because the prevalence of pancreatic cancer is 
increasing globally.1 In patients with advanced pancreatic 
cancer, 1 year survival has slightly improved because of the 
wider use of systemic chemotherapy1 and, more recently, the 
use of combination chemotherapies,2–5 including 
gemcitabine in combination with capecitabine2 or nab-
paclitaxel,3 and a regimen comprising folinic acid, 
5-ﬂ uorouracil, irinotecan, and oxaliplatin (FOLFIRINOX).5 
Surgical techniques have also substantially improved, 
allowing more patients to undergo resection,1 but 5 year 
survival with tumour removal alone is generally less than 
Published Online
January 24, 2017
http://dx.doi.org/10.1016/
S0140-6736(16)32409-6
See Online/Comment
http://dx.doi.org/10.1016/
S0140-6736(17)30126-5
University of Liverpool, 
Liverpool, UK 
(Prof J P Neoptolemos MD, 
Prof D H Palmer PhD, 
E E Psarelli MSc, 
C M Halloran MD, 
R Jackson PhD); The Royal 
Liverpool University Hospital, 
Liverpool, UK 
(Prof J P Neoptolemos, 
Prof P Ghaneh MD, 
C M Halloran); The Clatterbridge 
Cancer Centre, Wirral, UK 
(D H Palmer, O Faluyi MD); 
University of Manchester/The 
Christie NHS Foundation Trust, 
Manchester, UK (J W Valle MD); 
Manchester Royal Infirmary, 
Manchester, UK 
(D A O’Reilly MD); Royal 
Marsden Hospital, London, UK 
(Prof D Cunningham MD); 
Weston Park Hospital, 
Sheffield, UK 
(Prof J Wadsley MD, S Darby MD); 
Royal Free Hospital, London, 
UK (Prof T Meyer MD, 
R Gillmore MD); St James’s 
University Hospital, Leeds, UK 
(A Anthoney MD); Karolinska 
Institute, Stockholm, Sweden 
(P Lind MD); Clinical Research 
Sörmland, Eskilstuna, Sweden 
(P Lind); University of Uppsala, 
Uppsala, Sweden 
(B Glimelius MD); Bristol 
Haematology and Oncology 
Centre, Bristol, UK (S Falk MD); 
University of Hamburg Medical 
institutions UKE, Hamburg, 
Germany (Prof J R Izbicki MD); 
Royal Surrey County Hospital, 
Guildford, UK 
(G W Middleton MD,
Articles
2 www.thelancet.com   Published online January 24, 2017   http://dx.doi.org/10.1016/S0140-6736(16)32409-6
S Cummins MD); Guy’s Hospital, 
London, UK (P J Ross MD); 
Hammersmith Hospital, 
London, UK (H Wasan MD); 
The Beatson West of Scotland 
Cancer Centre, Glasgow, UK 
(A McDonald, MD); Velindre 
Hospital, Cardiff, UK 
(T Crosby MD); Queen Elizabeth 
Hospital, Birmingham, UK 
(Y T Ma MD); Churchill Hospital, 
Oxford, UK (K Patel MD); 
Derriford Hospital, Plymouth, 
UK (D Sherriff FRCR); Ipswich 
Hospital, Ipswich, UK 
(R Soomal MD); Skåne 
University Hospital, Lund, 
Sweden (D Borg MD); 
University Hospital Coventry, 
Coventry, UK (S Sothi MD); 
Hôpital Beaujon, Clichy, France 
(Prof P Hammel MD); and 
University of Heidelberg, 
Germany (T Hackert MD, 
Prof M W Büchler MD)
Correspondence to:
Prof John P Neoptolemos, 
The Owen and Ellen Evans Chair 
of Surgery, Liverpool Clinical and 
Cancer Research UK Trials Unit, 
University of Liverpool, 
Liverpool L69 3GL, UK
j.p.neoptolemos@liverpool.
ac.uk
10%.6–8 After resection, the use of adjuvant chemotherapy 
with either 5-ﬂ uorouracil plus folinic acid or gemcitabine 
doubled 5 year survival to around 16–21%.6–10 The role of 
adjuvant chemoradiotherapy with or without systemic 
chemotherapy has been questioned, but systemic 
chemotherapy is generally accepted as the established 
standard of care.1,6,7,11,12 Gemcitabine does not increase 
survival compared with 5-ﬂ uorouracil plus folinic acid in 
the adjuvant setting,13 although gemcitabine has been the 
drug of choice because of a better safety proﬁ le than 
5-ﬂ uorouracil plus folinic acid.6–8,13
We aimed to assess whether overall survival could be 
improved by using combination systemic chemotherapy 
in the adjuvant setting. For this, we chose to use 
gemcitabine and capecitabine because this combination 
has synergism between the intracellular metabolites of 
capecitabine and gemcitabine on thymidylate synthase 
involved in normal DNA synthesis. Clinical trials 
in the advanced setting have shown that this 
combination produces a better tumour response, 
improved progression free survival, and improved overall 
survival by meta-analysis compared with monotherapy, 
while maintaining an acceptable toxicity proﬁ le.2,4
Methods
Study design and patients
We did a phase 3, two-group, open-label, multicentre, 
randomised clinical trial at 92 hospitals in England, 
Scotland, Wales, Germany, France, and Sweden. Eligible 
patients were aged 18 years or older and had 
undergone complete macroscopic resection for ductal 
adenocarcinoma of the pancreas (R0 or R1 resection)14 
with histological conﬁ rmation and with no evidence of 
malignant ascites, liver or peritoneal metastasis, or 
spread to other distant abdominal, or extra-abdominal 
organs. A clear CT scan of the chest, abdomen, and pelvis 
was required within 3 months before randomisation. No 
restriction was placed on randomisation on the basis 
of postoperative carbohydrate antigen 19-9 (CA19-9) 
concentrations. Other speciﬁ c inclusion criteria were full 
recovery from surgery, a WHO performance score of two 
or less, creatinine clearance of at least 50 mL/min, and a 
Research in context
Evidence before this study
In developing this trial, we undertook several systematic 
reviews and meta-analyses between March, 2006, and March, 
2007, in both the advanced and adjuvant settings. We searched 
MEDLINE, OLDMEDLINE, CancerLit, Embase, ISI Web of Science, 
ISI Science and Technology Proceedings, current contents 
databases, trial registries, and conference proceedings, and 
results identiﬁ ed included randomised controlled trials 
involving patients with advanced or resected pancreatic cancer 
of chemotherapy, novel drugs, radiotherapy, 
chemoradiotherapy, and best supportive care. We were directly 
involved in the ESPAC-1plus, ESPAC-1, ESPAC-3(v1), and 
ESPAC-3(v2) adjuvant trials of resected pancreatic cancer. We 
were also directly involved in the GemCap trial which compared 
the combination of gemcitabine and capecitabine to 
gemcitabine alone in advanced and metastatic pancreatic 
cancer. In the adjuvant setting, the role of chemoradiotherapy 
was rejected by ESPAC-1plus, which had a pragmatic design 
comprising randomisation either to chemoradiotherapy plus 
chemotherapy or or to no chemoradiotherapy plus 
chemotherapy or alternatively to chemotherapy alone and no 
adjuvant treatment, and also a 2 × 2 factorial design of 
chemotherapy versus no chemotherapy and 
chemoradiotherapy versus no chemoradiotherapy. Although 
there was scepticism with respect to the eﬃ  cacy of 5-ﬂ uoruracil 
and folinic acid used in these studies, comparison with the 
control groups of ESPAC-1plus, ESPAC-1, and ESPAC-3(v1) 
conﬁ rmed the superior survival value of this regimen compared 
with no chemotherapy. ESPAC-3(v2) showed that adjuvant 
gemcitabine was not superior to 5-ﬂ uoruracil and folinic acid 
for survival, and, hence, there was a wider choice of proven 
chemotherapies that could be used to enhance survival over 
single drugs. In ESPAC-4, we chose the combination of 
gemcitabine and capecitabine (an orally active 5-ﬂ uoruracil 
prodrug) to compare with gemcitabine, as the combination had 
a higher objective response, increased progression-free 
survival,and increased overall survival in a meta-analysis of the 
two randomised trials compared with gemcitabine 
monotherapy. Before this study, the evidence was that the best 
estimated 5 year survival after resection for pancreatic cancer 
was with adjuvant chemotherapy using either 5-ﬂ uorouracil 
plus folinic acid from ESPAC-1 (21·1% [95% CI 14·6–28·5]) and 
from ESPAC-3(v2) (15·9% [12·7–19·4]), or gemcitabine from 
ESPAC-3(v2) (17·5% [14·0–21·2]). For comparison, estimated 
5 year survival with resection and no chemotherapy was 8·0% 
(3·8–14·1) and with chemoradiotherapy was 10·8% (6·1–17·0), 
as shown in ESPAC-1.
Added value of this study
In ESPAC-4, estimated 5 year survival conﬁ rmed the 
ESPAC-3(v2) estimates for gemcitabine. Survival favoured 
adjuvant gemcitabine plus capecitabine in most clinical 
subgroups, including patients with R1 resection margins. This 
was a pragmatic trial including all patients who had undergone 
resection for pancreatic ductal adenocarcinoma including WHO 
performance status 0, 1 and 2, R1 resection margins, and all 
patients irrespective of postoperative CA19-9 concentration. 
The improved survival results were achieved without any 
signiﬁ cant increase in overall toxicity and was manageable with 
protocol driven capecitabine dose reduction when required.
Implications of all the available evidence
The ESPAC-4 trial establishes the combination of gemcitabine 
and capecitabine as the treatment of choice in the adjuvant 
setting after resection for pancreatic ductal adenocarcinoma. 
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life expectancy of more than 3 months. Patients who had 
previously had neo-adjuvant chemotherapy or other 
concomitant chemotherapy and with pancreatic 
lymphoma, macroscopically remaining tumours 
(R2 resection), or TNM stage IV disease15 were excluded.
Ethical approval was provided by the Liverpool Adult 
Research Ethics Committee on March 4, 2008. Ethical 
approval was also obtained in each of the other participating 
countries. The study conformed to the principles of the 
International Conference on Harmonization on Good 
Clinical Practice, and was undertaken by the Liverpool 
Clinical and Cancer Research UK Trials Unit. All 
participants provided written informed consent before 
randomisation. The protocol is available online.
Randomisation and masking
Eligible patients were randomly assigned (1:1) to receive 
gemcitabine or gemcitabine plus capecitabine within 
12 weeks of surgery by trained authorised staﬀ  within the 
Liverpool Clinical and Cancer Trials Unit. Randomisation 
was based on a minimisation routine with a random 
element of 20% including the resection margin (negative 
or positive) and country was used as a stratiﬁ cation factor. 
Participants and study investigators were not masked to 
treatment allocation.
Procedures
Gemcitabine was delivered as a 1000 mg/m² intravenous 
infusion administered once a week for three of every 
4 weeks (one cycle) for six cycles (24 weeks). Capecitabine 
was administered orally for 21 days followed by 7 days’ 
rest (one cycle) for six cycles (24 weeks) at a daily dose of 
1660 mg/m². Patients were reviewed every 3 months 
after surgery for 5 years if alive at this point. The speciﬁ c 
method of follow-up (haematology, clinical chemistry, 
and use of a tumour marker) at each clinic visit was 
determined by each site because of wide variations in 
routine clinical practice.
Outcomes
The primary endpoint was overall survival, measured as 
the time from randomisation until death from any 
cause. Patients still alive at the point of ﬁ nal analysis 
were censored at the date last seen alive. Secondary 
endpoints included survival estimates at 24 months, 
5 year survival, and relapse-free survival measured as the 
minimum time from randomisation to date of local 
tumour recurrence, lymph node spread, distant 
metastases, or death from any cause. Toxicity was graded 
according to the National Cancer Institute common 
toxicity criteria, version 4.03. Quality-of-life was assessed 
using the European Organisation for Research and 
Treatment of Cancer quality of life questionnaire 
(EORTC QLQ) C-30, version 3. The 5 year survival 
estimates were also calculated for the ESPAC-3 trial 
(version 2), which were not previously available at the 
time of publication.13
Statistical analysis
This trial was designed to detect a hazard ratio (HR) of 
0·74 between the gemcitabine and gemcitabine plus 
capecitabine groups. With the use of a two-sided α level 
of 0·05, 480 events were required to obtain 90% power to 
detect a diﬀ erence between treatment groups. We 
estimated that 480 events could be obtained by enrolling 
722 patients (361 in each group) over a period of 6 years 
(reaching a maximum recruitment rate of 13 patients per 
month) and allowing each patient to have a minimum 
follow-up of 2 years. The sample size was inﬂ ated to 
account for patient withdrawals (10%) and patients who 
were lost to follow-up (5%) at the time of analysis.
We estimated overall survival using the Kaplan-Meier 
method. We analysed the primary endpoint with a 
stratiﬁ ed log-rank test,16 with the treatment eﬀ ect 
expressed as an HR (gemcitabine plus capecitabine vs 
gemcitabine) and 95% CI. Median and 5 year survival 
estimates are presented with 95% CIs. Further analyses 
were done by adjusting the treatment eﬀ ect using 
multivariable regression techniques based on the Cox 
proportional hazard17 model and using multiple 
imputation18 based on chained equations to impute 
missing data of key prognostic covariates. 50 imputed 
datasets were used with variable estimates obtained with 
the use of Rubin’s rules. Factors with a p value less than 
0·25 using a univariate log-rank test were explored 
further in the multivariable setting using backward 
selection techniques based on Akaikes Information 
Criterion.19 Assumptions of proportional hazards were 
assessed by assessment of the Schoenfeld residuals.20
The number of patients receiving treatment, the 
percentage of patients receiving treatment as per the 
protocol, and the range of total doses received are 
reported. The median follow-up was calculated with the 
reverse Kaplan-Meier method.21 The number of patients 
experiencing at least one high-grade (3 or 4) toxic episode 
or serious adverse event is also reported as a percentage 
of the total number of patients in the safety set within 
each treatment group. Proportions were compared with 
Fisher’s exact test with the signiﬁ cance level set at 
p values less than 0·05. Further comparisons of toxicity 
between treatment groups were done according to short-
term acute toxicity, adverse long-term late eﬀ ects, and 
mortality risk generated by a treatment programme 
(TAME) method guidelines.22 Quality of life was assessed 
as a longitudinal covariate which was modelled jointly23 
with overall survival, in which both longitudinal and 
survival models were adjusted for key prognostic 
covariates.
All eﬃ  cacy analyses were done in the intention-to-treat 
population retaining all patients in their initially 
randomised groups irrespective of any protocol 
deviations with the exception of patients who withdrew 
consent between randomisation and the start of therapy. 
Toxicity was analysed in all patients who received trial 
treatment according to the treatment they received.
For the protocol see 
https://www.lctu.org.uk/Public/
SSES4_PROTOCOL.9-ESPAC-4_
Protocol.pdf
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Interim analyses for eﬃ  cacy were included after 
100, 200, 300, and 400 deaths. Eﬃ  cacy was determined 
with the use of Peto boundaries, and no adjustments to 
the ﬁ nal α level were required.24 These analyses were 
undertaken by the Independent Safety and Data 
Monitoring Committee in a strictly controlled 
conﬁ dential manner. The Independent Safety and Data 
Monitoring Committee was also responsible for 
assessing the trial in terms of safety and had full access 
to all of the data throughout the course of the trial. Final 
decisions on the conduct of the trial were taken by the 
Trial Steering Committee, which received 
recommendations from the Independent Safety and 
Data Monitoring Committee and support from the Trial 
Management Group. All statistical analyses were done 
with SAS version 9.3 and Stata version 13.1. A two-sided 
signiﬁ cance level of p values less than 0·05 was used 
throughout. This trial was registered with the EudraCT, 
number 2007-004299-38, and ISRCTN, number 
ISRCTN96397434.
Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. Following the decision of the Independent Data 
and Safety Monitoring Committee to recommended early 
publication, JPN, EEP, DHP, PG, and RJ had full access to 
all the data in the study from Dec 11, 2015. They take full 
responsibility for the integrity of the data and the accuracy 
of the data analysis. The corresponding author took the 
ﬁ nal responsibility for the decision to submit for 
publication.
Results
Between Nov 10, 2008, and Sept 11, 2014, 732 patients 
were randomly assigned. The target was 722 patients, but 
the extra 10 patients were recruited for pragmatic 
reasons. At the time of recruitment termination, there 
were patients at diﬀ erent sites still considering joining 
the trial. If they wished to join the trial, we allowed them 
to do so for ethical reasons. The data cutoﬀ  date was 
March 9, 2016. 367 patients were randomly assigned to 
receive gemcitabine alone and 365 were randomly 
assigned to receive gemcitabine plus capecitabine 
(ﬁ gure 1). Two patients were excluded from the full 
analysis set as they withdrew consent between 
randomisation and starting therapy (one in each group). 
The Independent Data and Safety Monitoring Committee 
recommended early publication based on a clear signal 
of eﬃ  cacy, and this was accepted on Dec 11, 2015, by the 
Trial Steering Committee. Demographic and pathological 
details of the patients by group are shown in table 1. 
Eight patients who had stage IV pancreatic tumours but 
had complete surgical clearance and were anxious to join 
the trial were enrolled in the study.
The median follow-up time was 43·2 months (95% CI 
39·7–45·5). The median overall survival time was 
25·5 months (22·7–27·9) in the gemcitabine group 
and 28·0 months (23·5–31·5) in the gemcitabine plus 
capecitabine (HR 0·82 [95% CI 0·68–0·98], p=0·032), 
favouring the gemcitabine plus capecitabine group 
(ﬁ gure 2). Estimated overall survival was 80·5% (95% CI 
76·0–84·3) at 12 months and 52·1% (46·7–57·2) at 
24 months in the gemcitabine group and 84·1% 
(79·9–87·5) at 12 months and 53·8% (48·4–58·8) at 
24 months in the gemcitabine plus capecitabine group. 
The median overall survival for patients in the 
gemcitabine group who had positive resection margins 
(R1 status) was 23·0 months (95% CI 21·6–26·2) and in 
patients who had negative resection margins (R0 status) 
was 27·9 months (23·8–34·6). Median overall survival for 
patients in the gemcitabine plus capecitabine group was 
23·7 months (20·7–27·1) in patients with R1 status and 
39·5 months (32·0–58·0) in patients with R0 status 
(χ²1df,trend=14·83, p=0·0001; ﬁ gure 2). Sensitivity analyses 
done in the per-protocol population did not diﬀ er 
signiﬁ cantly from the primary analysis of the intention-
to-treat population.
Univariate survival analyses showed that smoking, 
preoperative, and postoperative CA19-9 concentrations, 
preoperative C-reactive protein concentrations, resection 
margin status, tumour grade, lymph nodes status, 
maximum tumour size, tumour stage, venous resection, 
and local invasion were all associated with survival 
(p<0·05; table 2) but not performance status (appendix ).
732 randomly assigned 
367 allocated to gemcitabine 
1 withdrew (patient decision)
365 allocated to gemcitabine plus capecitabine
1 withdrew (patient decision)
358 received allocated intervention 
8 did not receive allocated 
intervention  
6 patient decision 
1 died
1 unknown 
15 did not receive allocated 
intervention 
9 patient decision
2 patient ill health
4 unknown
349 received allocated intervention
26 lost to follow-up
16 unknown 
1 discharged from clinic
5 transferred to another 
hospital 
4 patients too unwell 
11 discontinued follow-up 
(patient decision)
25 lost to follow-up 
16 unknown
2 discharged from clinic 
5 transferred to another 
hospital 
2 patients too unwell 
11 discontinued follow-up 
(patient decision)
366 included in intention-to-treat analysis 364 included in intention-to-treat analysis
Figure 1: Trial proﬁ le
See Online for appendix
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 Gemcitabine 
(n=366)
Gemcitabine 
plus 
capecitabine 
(n=364)
Total 
participants 
(n=730)
Sex
Male 212
(58%)
202
(55%)
414
(57%)
Female 154
(42%)
162
(45%)
316
(43%)
Age (years) 65
(37–80)
65
(39–81)
65
(37–81)
WHO status
 0 158
(43%)
150
(41%)
308
(42%)
1 199
(54%)
202
(55%)
401
(55%)
2 9
(2%)
12
(3%)
21
(3%)
Smoking status
Never 151
(41%)
146
(40%)
297
(41%)
Past 136
(37%)
148
(41%)
284
(39%)
Present 62
(17%)
61
(17%)
123
(17%)
Unknown 17
(5%)
9
(2%)
26
(4%)
Concurrent conditions
None 82
(22%)
106
(29%)
188
(26%)
Yes 280
(77%)
257
(71%)
537
(74%)
Unknown 4
(1%)
1
(<1%)
5
(1%)
Diabetes
No 266
(73%)
272
(75%)
538
(74%)
Non-insulin-dependent 52
(14%)
45
(12%)
97
(13%)
Insulin-dependent 47
(13%)
46
(13%)
93
(13%)
Unknown 1
(<1%)
1
(<1%)
2
(<1%)
Preoperative carbohydrate antigen 19-9 (KU/L)
Number of patients 
with measurements
234 224 458
Median 142·5
(0·9–10 
761·0)
154·5
(0·8–76 
549·0)
150·5
(0·8–76 
549·0)
Postoperative carbohydrate antigen 19-9 (KU/L)
Number of patients 
with measurements
341 321 662
Median 20·5
(0·1–2448·3)
17·6
(0·6–8112·0)
18·7
(0·1–8112·0)
Preoperative C-reactive protein (mg/L)
Number of patients 
with measurements
275 271 546
Median 8·0
(0·1–343·0)
8·0
(0·3–190·0)
8·0
(0·1– 343·0)
(Table 1 continues in next column)
 Gemcitabine 
(n=366)
Gemcitabine 
plus 
capecitabine 
(n=364)
Total 
participants 
(n=730)
(Continued from previous column)
Postoperative C-reactive protein (mg/L)
Number of patients 
with measurements
344 348 692
Median 5·0
(0·1–345·0)
5·0
(0·0–296·0)
5·0
(0·0–345·0)
Time from surgery to randomisation (days)
Median 65
(23–111)
64
(21–111)
64
(21–111)
Hospital stay (days)
Number of patients 
with measurements
363 357 720
Median 12
(1–89)
12
(3–58)
12
(1–89)
Resection margin status
Number of patients 
with negative status
147
(40%)
143
(39%)
290
(40%)
Number of patients
with positive status
219
(60%)
221
(61%)
440
(60%)
Country
France 12
(3%)
12
(3%)
24
(3%)
Germany 34
(10%)
33
(9%)
67
(9%)
Sweden 40
(11%)
43
(12%)
83
(11%)
England 257
(70%)
254
(70%)
511
(70%)
Scotland 12
(3%)
9
(2%)
21
(3%)
Wales 11
(3%)
13
(4%)
24
(3%)
Tumour grade
Well diﬀ erentiated 30
(8%)
32
(9%)
62
(8%)
Moderately 
diﬀ erentiated
192
(52%)
175
(48%)
367
(50%)
Poorly diﬀ erentiated 140
(38%)
147
(40%)
287
(39%)
Undiﬀ erentiated 2
(1%)
2
(1%)
4
(1%)
Unknown 2
(1%)
8
(2%)
10
(1%)
Lymph nodes
Negative 67
(18%)
76
(21%)
143
(20%)
Positive 299
(82%)
288
(79%)
587
(80%)
Maximum tumour size (mm)
Number of patients 
with measurements
361 352 713
Median 30
(0–110)
30
(6–105)
30
(0–110)
(Table 1 continues on next page)
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Postoperative CA19-9 concentration and maximum 
tumour size were included in the multivariable Cox 
proportional hazards model under non-linear 
transformations. The stratiﬁ cation factors of resection 
margin and country were forced inclusions as main eﬀ ects 
in the model. Multiple imputation was used to correct for 
missing data for postoperative CA19-9 concentration 
(n=68), maximum tumour size (n=15), and tumour grade 
(n=3). A model based on 730 patients (446 deaths) 
identiﬁ ed resection margin status, postoperative CA19-9 
concentrations, tumour grade, lymph node status, and 
maximum tumour size as signiﬁ cant independent factors 
of overall survival (table 2). Gemcitabine and capecitabine 
had a statistically signiﬁ cant treatment eﬀ ect compared 
with gemcitabine alone (HR 0·79 [95% CI 0·66–0·96], 
p=0·016). Assessment of Schoenfeld’s residuals did not 
identify any covariates that violated the proportional 
hazards assumption. Median postoperative CA19-9 
concentrations were 17·7 KU/L (9·0–44·0) in the resection 
margin-negative group and 20·0 KU/L (9·0–63·5) in the 
resection margin-positive groups (p=0·11 unpaired t test 
on the log-transformed data).
For comparison with the CONKO-018 and JASPAC-125 
trials, we further analysed survival data using cutoﬀ 
points for postoperative CA19-9 concentrations of more 
than 92·5 KU/L and more than 37 KU/L. 68 (9%) patients 
in our study had missing postoperative CA19-9 values. 
549 (83%) patients had postoperative CA19-9 
concentrations of 92·5 KU/L or lower with a median 
survival of 29·6 months (26·6–32·1) and 5-year survival 
of 24·9% (20·0–31·0). 113 (17%) patients had CA19-9 
concentrations higher than 92·5 KU/L with a median 
survival of 13·1 months (10·8–16·2) and 5 year survival 
was not obtained. 452 (68%) of 662 patients had a CA19-9 
concentration of 37 KU/L or lower with a median survival 
of 31·8 months (29·5–38·0) and a 5 year survival of 
25·6% (20·0–32·8) and 210 (32%) patients had 
postoperative CA19-9 concentrations of more than 
37 KU/L with median survival of 16·0 months (14·1–17·9) 
and 5 year survival of 14·9% (0·10–22·6). Comparisons 
of postoperative CA19.9 by treatment arms for ESPAC-4, 
CONKO-001, and JASPAC01 are shown in table 3.
557 (76%) patients had a relapse or died. Of these, 
286 (78%) were in the gemcitabine group, and 271 (74%) 
 Gemcitabine 
(n=366)
Gemcitabine 
plus 
capecitabine 
(n=364)
Total 
participants 
(n=730)
(Continued from previous page)
Tumour stage
I 7
(2%)
15
(4%)
22
(3%)
II 29
(8%)
20
(5%)
49
(7%)
III 325
(89%)
326
(90%)
651
(89%)
IV 5
(1%)
3
(1%)
8
(1%)
Surgery
Whipple resection 188
(51%)
182
(50%)
370
(51%)
Total pancreatectomy 27
(7%)
22
(6%)
49
(7%)
Pylorous-preserving 
resection
122
(33%)
129
(35%)
251
(34%)
Distal pancreatectomy 29
(8%)
31
(9%)
60
(8%)
Venous resection
No 298
(81%)
323
(89%)
621
(85%)
Yes 63
(17%)
39
(11%)
102
(14%)
Unknown 5
(1%)
2
(1%)
7
(1%)
Extent of resection
Standard 289
(79%)
279
(77%)
568
(78%)
Radical 53
(14%)
56
(15%)
109
(15%)
Extended 
lymphadenectomy
18
(5%)
28
(8%)
46
(6%)
Unknown 6
(2%)
1
(<1%)
7
(1%)
(Table 1 continues in next column)
 Gemcitabine 
(n=366)
Gemcitabine 
plus 
capecitabine 
(n=364)
Total 
participants 
(n=730)
(Continued from previous column)
Cholecystectomy
No 78
(21%)
90
(25%)
168
(23%)
No, already excised 18
(5%)
16
(4%)
34
(5%)
Yes 270
(74%)
257
(71%)
527
(72%)
Unknown 0 1
(<1%)
1
(<1%)
Local invasion
No 189
(52%)
189
(52%)
378
(52%)
Yes 176
(48%)
173
(48%)
349
(48%)
Unknown 1
(0%)
2
(1%)
3
(<1%)
Postoperative complications
No 271
(74%)
250
(69%)
521
(71%)
Yes 93
(25%)
113
(31%)
206
(28%)
Unknown 2
(1%)
1
(<1%)
3
(<1%)
Data are n (%) or median (range).
Table 1: Baseline characteristics
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were in the gemcitabine plus capecitabine group. The 
median relapse-free survival was 13·1 months (11·6–15·3) 
in the gemcitabine group and 13·9 months (12·1–16·6) in 
the gemcitabine and capecitabine group (HR 0·86, 95% 
CI 0·73–1·02, p=0·082; appendix). 3 year relapse-free 
survival was 20·9% (16·5–25·7) and 5 year relapse-free 
survival was 11·9% (7·8–16·9) for the gemcitabine group, 
whereas for the gemcitabine plus capecitabine group, 
3 year relapse-free survival was 23·8% (19·2–28·6) and 
5 year relapse-free survival was 18·6% (13·8–24·0; 
appendix). 479 (66%) of 730 patients had tumour 
recurrence, of whom 243 (66%) were in the gemcitabine 
group and 236 (65%) were in the gemcitabine plus 
capecitabine group. 78 (11%) patients died without 
radiological evidence of tumour recurrence. Speciﬁ c sites 
of tumour recurrence at relapse are given in table 4.
94 (39%) of 243 patients in the gemcitabine group with 
relapse and 77 (33%) of 236 patients in the gemcitabine 
plus capecitabine group with relapse received additional 
treatment. In the gemcitabine group, additional treatment 
comprised chemotherapy in 77 (32%) patients, chemo-
radiotherapy in 10 (4%) patients, surgery in 12 (5%) 
patients, and other treatment in 5 (2%) patients, with some 
patients having multiple treatments. Additional treatment 
in the gemcitabine plus capecitabine group comprised 
chemotherapy in 72 (31%) patients, chemoradiotherapy in 
10 (4%) patients, surgery in 8 (3%) patients, and other 
treatment in 5 (2%) patients. Of the 243 patients in the 
gemcitabine group who relapsed, 38 (16%) patients had 
capecitabine in some form as additional chemotherapy.
Estimated 5 year survival was compared between the 
randomised groups across the ESPAC-1,7 ESPAC-3(v2),13 
Number at risk
Gemcitabine
Gemcitabine plus
capecitabine
0
366
364
0
O
ve
ra
ll 
su
rv
iv
al
 (%
)
Number at risk
Gemcitabine-positive
Gemcitabine-negative
Gemcitabine plus
capecitabine-positive
Gemcitabine plus
capecitabine-negative
219
147
221
143
10
302
328
178
124
193
135
20
207
219
118
89
124
95
30
109
139
58
51
71
68
40
61
83
31
30
42
41
50
27
50
12
15
20
30
60
9
19
3
6
6
13
70
3
10
1
2
3
7
80
0 10 20 30 40 50 60 70 80
0
1
0
0
1
0
Time from randomisation (months)
0
10
10
20
20
30
30
40
40
50
50
60
60
70
70
80
80
90
90
100
100
O
ve
ra
ll 
su
rv
iv
al
 (%
)
Gemcitabine
Gemcitabine plus capecitabine
Median survival time=25·5 months (95% CI 22·7–27·9)
Median survival time=28·0 months (95% CI 23·5–31·5)
Hazard ratio for death: 0·82 (95% CI, 0·68–0·98); 
stratiﬁed log-rank p=0·032
X2 (1) trend=14·83, p=0·0001
Median S(t)=23·0 months (95% CI 21·6–26·2)
Median S(t)=27·9 months (95% CI 23·8–34·6)
Median S(t)=23·7 months (95% CI 20·7–27·1)
Median S(t)=39·5 months (95% CI 32·0–58·0)
Gemcitabine-positive
Gemcitabine-negative
Gemcitabine plus capecitabine-positive
Gemcitabine plus capecitabine-negative
Figure 2: Kaplan Meier plots for overall survival (A) and for overall survival by resection margin status and treatment group (B)
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HR (95% CI) Log-rank χ² p value
Univariate Cox proportional hazards models
Sex
Male 1 ·· ··
Female 0·85
(0·71–1·03)
2·83  0·092
Age (years) 1·00
(0·99–1·01)
0·14 0·708
WHO status
0 1 ·· ··
1 1·13
(0·94–1·37)
1·68 0·194
2 1·31
(0·73–2·34)
0·81 0·369
Smoking status
Never 1 ·· ··
Past 1·05
(0·85–1·29)
0·20 0·654
Present 1·38
(1·07–1·78)
5·97 0·015
Diabetes
No 1 ·· ··
Non-insulin-dependent 0·95
(0·72–1·26)
0·12 0·726
Insulin-dependent 1·03
(0·78–1·37)
0·06 0·813
Preoperative 
carbohydrate antigen 
19-9 (KU/L)*
1·07
(1·01–1·14)
5·36 0·021
Postoperative 
carbohydrate antigen 
19-9 (KU/L)†
1·36
(1·28–1·45)
91·6 <0·0001
Preoperative C-reactive 
protein (mg/L)*
1·09
(1·01–1·19)
4·89 0·027
Postoperative C-reactive 
protein (mg/L)*
0·98
(0·93–1·04)
0·31 0·577
Resection margin
Negative 1 ··
Positive 1·51
(1·24–1·83)
17·4 <0·0001
Country
England 1 ·· ··
France 1·08
(0·66–1·76)
0·10 0·755
Germany 0·75
(0·52–1·09)
2·30 0·129
Sweden 0·78
(0·57–1·05)
2·76 0·096
Scotland 0·69
(0·37–1·29)
1·34 0·247
Wales 1·09
(0·67–1·78)
0·13 0·718
Tumour grade
Well 1 ·· ··
Moderate 1·41
(0·96–2·08)
3·02 0·082
Poorly 2·35
(1·59–3·46)
18·5 <0·0001
(Table 2 continues in next column)
HR (95% CI) Log-rank χ² p value
(Continued from previous column)
Undiﬀ erentiated 0·67
(0·09–4·91)
0·16 0·692
Unknown 1·12
(0·39–3·18)
0·04 0·837
Lymph nodes
Negative 1 ·· ··
Positive 2·36
(1·78–3·11)
36·4 <0·0001
Maximum tumour size 
(mm)‡
1·12
(1·06–1·18)
16·4 <0·0001
Tumour stage
I or II 1 ·· ··
III or IV 1·60
(1·13–2·25)
7·02 0·008
Venous resection
No 1 ·· ··
Yes 1·30
(1·01–1·67)
4·11 0·042
Local invasion
No 1 ·· ··
Yes 1·32
(1·10–1·58)
8·62 0·003
Treatment§
Gemcitabine 1 ·· ··
Gemcitabine plus 
capecitabine
0·82
(0·68–0·98)
4·61 0·032
Multivariate Cox proportional hazards models
Treatment
Gemcitabine 1 ·· ··
Gemcitabine plus 
capecitabine
0·79
(0·66–0·96)
5·76 0·016
Resection margin
Negative 1 ·· ··
Positive 1·27
(1·04–1·55)
5·40 0·020
Country
England 1 ·· ··
France 1·89
(1·10–3·23)
5·36 0·021
Germany 0·83
(0·57–1·20)
0·97 0·324
Sweden 0·85
(0·63–1·15)
1·09 0·297
Scotland 0·65 
(0·34–1·24)
1·71 0·191
Wales 1·13 
(0·68–1·89)
0·24 0·625
Postoperative 
carbohydrate antigen 
19-9 (KU/L)†
1·24 
(1·17–1·33)
43·27 <0·0001
Tumour grade
Well 1 ·· ··
Moderate 1·65 
(1·08–2·52)
5·45 0·020
Poor 2·58 
(1·68–3·97)
18·86 <0·0001
(Table 2 continues on next page)
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and ESPAC-4 adjuvant treatment trials (appendix). In the 
ESPAC-1 trial, estimated 5 year survival was 21·1% 
(95% CI 14·6–28·5) for the chemotherapy group 
(5-ﬂ uorouracil plus folinic acid), 8·0% (3·8–14·1) in the 
no chemotherapy group, and 10·8% (6·1–17·0) in 
the group randomised to chemoradiotherapy.7 In the 
ESPAC-3(v2) trial, estimated 5 year survival was 17·5% 
(14·0–21·2) for patients in the gemcitabine group and 
15·9% (12·7–19·4) for patients in the 5-ﬂ uorouracil plus 
folinic acid group. In the ESPAC-4 trial, estimated 5 year 
survival was 16·3% (10·2–23·7) for patients randomised 
to gemcitabine, and 28·8% (22·9–35·2) for patients 
randomised to gemcitabine plus capecitabine. Adjuvant 
gemcitabine plus capecitabine favoured survival in most 
clinical subgroups (ﬁ gure 3).
1877 cycles of gemcitabine were given to 365 (100%) 
patients in the gemcitabine group, and 1724 cycles of 
gemcitabine plus capecitabine were given to 361 (98%) 
patients in the gemcitabine plus capecitabine group. One 
(<1%) patient in the gemcitabine group, and six (2%) 
patients in the gemcitabine plus capecitabine group did 
not start treatment. All six cycles of treatment were given 
to 239 (65%) patients in the gemcitabine group and to 
195 (54%) in the gemcitabine plus capecitabine group.
The median dose intensity was 93% (5–104) of the 
planned protocol for the gemcitabine group, and 83% 
(5–114) for gemcitabine and 78% (0·8–100) for capecitabine 
in the gemcitabine plus capecitabine group. The median 
cumulative dose of gemcitabine was 16 750 mg/m² in the 
gemcitabine group, and 15 000 mg/m² in the gemcitabine 
plus capecitabine group. The median cumulative dose of 
capecitabine was 162 680 mg/m². 458 (63%) patients died, 
239 (65%) of 366 patients in the gemcitabine group and 
219 (60%) of 364 patients in the gemcitabine plus 
capecitabine group. 127 (35%) of 366 patients in the 
gemcitabine group stopped treatment before the end of 
the sixth cycle due to toxicity in 52 (41%), disease 
progression in 32 (25%), patient decision in 13 (10%), 
HR (95% CI) Log-rank χ² p value
(Continued from previous page)
Undiﬀ erentiated 1·05 
(0·34–3·24)
0·01 0·926
Unknown 1·24 
(0·16–9·28)
0·04 0·836
Lymph nodes
Negative 1 ·· ··
Positive 1·74 
(1·30–2·33)
14·14 <0·0001
Maximum tumour size 
(mm)‡
1·12 
(1·04–1·21)
8·73 0·003
HR=Hazard ratio. *Log transformation applied. †Log transformation applied: log 
(carbohydrate antigen 19-9 + 1). ‡Square root transformation applied: 
χ² (max tumour size + 0·5). §Adjusted for stratiﬁ cation factors, resection margin, 
and country.
Table 2: Analysis of eﬃ  cacy
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death in three (2%), treatment never started in 1 (1%), lack 
of eﬃ  cacy in 1 (1%), various other reasons in 11 (9%), and 
unknown reasons in 14 (11%). 169 (46%) of 364 patients in 
the gemcitabine plus capecitabine group stopped 
treatment before the end of the sixth cycle because of 
toxicity in 79 (47%), disease progression in 17 (10%), 
patient decision in 21 (12%), death in 4 (2%), treatment 
never started in three (2%), various other reasons in 
7 (4%), and unknown reasons in 38 (22%).
725 (99%) patients were in the safety set and were 
analysed for adverse events. Of these, 366 received 
gemcitabine alone, and 359 received gemcitabine plus 
capecitabine (table 5). 180 (25%) of the 725 patients reported 
305 treatment-related serious adverse events. 94 (26%) 
patients of the 366 who received gemcitabine had 
151 events, and 86 (24%) of the 359 patients who received 
gemcitabine plus capecitabine had 154 events (p>0·05). 
There were 608 grade 3–4 events reported by 226 of 
359 patients in the gemcitabine with capecitabine group 
compared with 481 grade 3–4 events in 196 of 366 patients 
in the gemcitabine group. The mean expected high-grade 
acute adverse event (within 30 days of treatment 
completion) was 0·89 in the gemcitabine group and 1·2 in 
the gemcitabine plus capecitabine group.23 The 
corresponding high-grade late adverse event (after 30 days 
of treatment completion) was 0·3 in the gemcitabine group 
and 0·4 in the gemcitabine plus capecitabine group.23
Quality-of-life questionnaires were completed by 
665 patients, 334 in the gemcitabine group and 321 in the 
gemcitabine plus capecitabine group. Questionnaires at 
3, 6, and 12 months were completed by 496, 452, and 
388 patients, respectively. Joint modelling included an 
intercept term for treatment group but not a time-by-
treatment interaction as this did not improve the overall 
model ﬁ t. The results showed no signiﬁ cant eﬀ ect in the 
longitudinal estimate of quality of life by treatment group 
(HR –0·10, 95% CI –0·29 to 0·09, p=0·3).
Discussion
This study has shown that survival with adjuvant 
chemotherapy with gemcitabine plus capecitabine 
signiﬁ cantly increased overall survival compared with 
gemcitabine alone after resection for pancreatic cancer. 
This occurred with an acceptable level of toxicity as 
predicted from the previous phase 3 trial in the advanced 
and metastatic setting.3 Grade 3 or 4 neutropenia was 
more common in the gemcitabine plus capecitabine 
group (38%) than in the gemcitabine group (24%), but 
the rate of febrile neutropenia was low in both groups 
and there were fewer other infective manifestations in 
the gemcitabine plus capecitabine group (3%) compared 
with the gemcitabine group alone (7%). As expected, 
more grade 3 and 4 diarrhoea events occurred with 
gemcitabine plus capecitabine (5%) than with 
gemcitabine alone (2%). The only grade 3 and 4 hand-
foot syndrome events occurred with the combination 
chemotherapy, but this only aﬀ ected 7% of patients and 
was generally manageable with appropriate capecitabine 
dose modiﬁ cation.
The improvement in overall survival with systemic 
chemotherapy with 5-ﬂ uorouracil plus folinic acid 
shown in the ESPAC-1 trial represented a step change 
in survival after resection for pancreatic cancer, 
doubling the estimated 5 year survival to 21·1% (95% CI 
14·6–28·5) compared with 8·0% (3·8–14·1) for surgery 
alone or 10·8% (6·1–17·0) for chemoradiotherapy.6,7 
The ESPAC-3 trial was important in showing that 
gemcitabine was not superior to 5-ﬂ uorouracil plus 
folinic acid and so pointed to the potential combination 
use of gemcitabine with 5-ﬂ uorouracil plus folinic 
acid.13 The CONKO-001 trial8 estimated a 5 year overall 
survival of 20·7% (14·7–26·6) in patients who received 
gemcitabine, which was slightly better than that 
estimated for gemcitabine in ESPAC-4. Similarly, the 
estimated 5 year overall survival in the control group of 
the CONKO-001 trial (no adjuvant chemotherapy) of 
10·4% (5·9–15·0) was also slightly better than that 
estimated in the no chemotherapy groups of ESPAC-16,7 
and ESPAC-3(v1).9 These results need to be considered 
in the context of the inclusion criteria of CONKO-001, 
which speciﬁ ed that no patient with a postoperative 
CA19-9 concentration greater than 2·5 times the upper 
limit (92·5 KU/L) would be included.8 As shown in both 
the ESPAC-3(v2)13 and ESPAC-4 trials, the concentration 
of postoperative blood CA19-9 is a powerful independent 
predictor of survival (table 2). The quartile of patients 
with the highest postoperative blood CA19-9 
concentrations had signiﬁ cantly lower overall survival 
than the other quartiles but still with signiﬁ cant survival 
beneﬁ t from adjuvant chemotherapy (appendix).
In ESPAC-4, 113 (17%) patients had postoperative 
CA19-9 concentrations higher than 92·5 KU/L with a 
median survival of 13·1 (10·8–16·2) months compared 
with those with a CA19-9 concentration of 92·5 KU/L or 
lower and a median survival of 29·6 (26·6–32·1) months. 
Other diﬀ erences relating to independent prognostic 
variables between CONKO-001 and ESPAC-4 were 
tumour grade 3 (36% vs 40%, respectively), and lymph 
node positivity (68% vs 80%, respectively). Resection 
 Gemcitabine 
(n=366)
Gemcitabine plus 
capecitabine (n=364)
Total (n=730) p value*
Disease relapse 243 (66%) 236 (65%) 479 (66%) 0·715
Site of relapse
Local 129 (53%) 109 (46%) 238 (50%) 0·156
Liver 106 (44%) 92 (39%) 198 (41%) 0·348
Other intra-abdominal 46 (19%) 63 (27%) 109 (23%) 0·055
Lung 23 (9%) 29 (12%) 52 (11%) 0·398
Bone 7 (3%) 6 (3%) 13 (3%) 1·000
Unknown 4 (2%) 5 (2%) 9 (2%) 0·965
Death without recurrence 43 (12%) 35 (10%) 78 (11%) 0·416
Table 4: Pattern of disease relapse
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margin positivity in CONKO-001 used the TNM system 
general deﬁ nition of microscopic residual tumour, 
compared with the ESPAC-4 deﬁ nition of any tumour cell 
within 1 mm of any surface of the specimen and this 
might account for some of the diﬀ erence in the proportion 
of R1 cases reported in the two studies (17% vs 60% 
respectively). Overall, the patients in the ESPAC-4 trial 
appear to have had worse independent prognostic 
variables than those in CONKO-001, which makes the 
survival results of ESPAC-4 even more notable.
The ESPAC-4 trial has shown a further step change in 
overall survival with gemcitabine plus capecitabine, with 
an estimated 5 year overall survival of 28·8% (22·9–35·2) 
compared with 16·3% (10·2–23·7) with gemcitabine, 
and also compared with 15·9% (12·7–19·4) with 
5-ﬂ uorouracil plus folinic acid in the ESPAC-1 trial.7
Capecitabine is an orally active, tumour-selective, 
ﬂ uoropyrimidine carbamate providing prolonged 
ﬂ uorouracil exposure at lower peak concentrations. We 
have shown that the improvements in tumour response 
and disease control observed with gemcitabine plus 
capecitabine in advanced pancreatic cancer3 can translate 
into a clear eﬀ ect in the adjuvant setting. The JASPAC-1 
pancreas cancer adjuvant trial has also shown superior 
survival with S-1, an orally active ﬂ uoropyrimidine 
compared with gemcitabine.25 Estimated overall 5 year 
survival was 44·1% (36·9–51·1)% in the S-1 group and 
24·4% (18·6–30·8) in the gemcitabine group.25 The 
JASPAC-1 trial was undertaken in a group of patients 
with favourable prognostic features compared with the 
ESPAC trials. In the JASPAC-1 trial, 69% of the patients 
had a performance status of 0 compared with 42% in 
ESPAC-4, and 37% had an N0 status compared with only 
20% in ESPAC-4.25 The deﬁ nition of R1 in JASPAC-1 was 
the microscopic presence of tumour cells at the surface 
of the resection margin and was present in 13% of 
specimens compared with 60% in ESPAC-4, where the 
deﬁ nition was any tumour cell within 1 mm of any 
surface of the specimen and may account for some, but 
certainly not all, of the discrepancy.15 In JASPAC-1, 
99 (26%) of the 377 patients included in the analysis had 
a CA19-9 concentration greater than the upper limit of 
normal (37 KU/L) compared with 32% in the ESPAC-4 
trial. The higher survival ﬁ gures for gemcitabine in this 
trial compared with either ESPAC-3(v2) or ESPAC-4 
might be accounted at least partly for by the inclusion of 
patients with better prognostic features in JASPAC-1. 
Lymph node status, performance status, and resection 
margin status are all independent signiﬁ cant survival 
factors shown in both ESPAC-3(v2) and ESPAC-4 (table 2, 
appendix). Europeans had higher toxicity with S-1 than 
Asians at equivalent doses because of diﬀ erences in 
metabolism, so the ﬁ ndings of JASPAC-1 will be limited 
by ethnic considerations and trials of S-1 are required to 
assess its eﬃ  cacy in whites.25
Despite a greater intensity of adverse survival factors 
in ESPAC-4, the median relapse-free survival was 
Yes
No
Local invasion
Yes
No
Venous resection
III+IV
I+II
Tumour grade
≥30 mm
<30 mm
Maximum tumour size
Positive
Negative
Lymph nodes
Well
Poorly
Moderately
Tumour stage
Wales
Sweden
Scotland
Germany
France
England
Country
Positive
Negative
Resection margin
≥5 mg/L
<5 mg/L
Postoperative CRP
≥8 mg/L
<8 mg/L
Preoperative CRP
≥18·7 kU/L
<18·7 kU/L
Postoperative CA19-9
≥150 kU/L
<150 kU/L
Preoperative CA19-9
Non-insulin-dependent
No
Insulin-dependent
Diabetes
Present
Past
Never
Smoking status
2
1
0
WHO status
≥65 years
<65 years
Age
Male
Female
Sex
0·95 (0·74–1·23)
0·70 (0·54–0·91)
0·80 (0·65–0·98)
1·04 (0·65–1·68)
0·81 (0·67–0·98)
0·87 (0·44–1·70)
0·90 (0·72–1·14)
0·67 (0·50–0·92)
0·84 (0·69–1·02)
0·83 (0·49–1·39)
0·93 (0·44–1·94)
0·76 (0·58–0·99)
0·84 (0·64–1·10)
0·53 (0·20–1·44)
0·51 (0·29–0·91)
0·58 (0·15–2·25)
1·20 (0·59–2·47)
0·64 (0·24–1·70)
0·88 (0·71–1·09)
0·90 (0·72–1·13)
0·68 (0·49–0·93)
0·83 (0·65–1·06)
0·79 (0·59–1·05)
0·76 (0·61–0·95)
0·90 (0·66–1·23)
0·83 (0·66–1·05)
0·81 (0·60–1·08)
0·73 (0·59–0·91)
1·04 (0·73–1·48)
0·72 (0·43–1·20)
0·87 (0·71–1·08)
0·61 (0·36–1·04)
0·84 (0·55–1·27)
0·77 (0·57–1·04)
0·85 (0·63–1·15)
0·56 (0·18–1·78)
0·87 (0·68–1·11)
0·75 (0·56–1·01)
0·81 (0·62–1·06)
0·82 (0·64–1·06)
0·72 (0·57–0·92)
0·94 (0·71–1·25)
0·125 0·25 0·50 1·00 2·00
Favours gemcitabine 
plus capecitabine
Favours
gemcitabine
120/173
98/189
190/323
28/39
201/329
18/35
144/217
75/147
189/288
30/76
13/32
102/147
100/175
8/13
20/43
3/9
18/33
7/12
163/254
149/221
70/143
129/211
90/153
145/234
74/130
130/195
89/169
157/254
62/110
26/45
168/272
24/46
44/61
83/148
86/146
6/12
130/202
83/150
104/171
115/193
120/202
99/162
Gemcitabine plus 
capecitabine
Hazard ratio for 
death (95% CI)
119/176
119/189
192/298
44/63
222/330
17/36
144/205
95/161
212/299
27/67
16/30
111/140
110/192
9/11
29/40
7/12
13/34
10/12
171/257
149/219
90/147
136/211
103/155
156/229
83/137
149/204
90/162
177/248
62/118
33/52
171/266
34/47
44/62
90/136
90/151
6/9
132/199
101/158
113/177
126/189
147/212
92/154
Gemcitabine
Number of events/number of patients
Figure 3: Forest plot of the treatment eﬀ ect on overall survival in prespeciﬁ ed subgroups
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13·1 months in the gemcitabine monotherapy group 
compared with 11·3 and 13·4 months respectively in the 
JASPAC-125 and CONKO-0018 studies. This might be 
because of the high median dose intensity of 
gemcitabine delivered in the monotherapy group 
comprising 93% of the planned protocol in ESPAC-4, 
compared with a median of 84% and 86% in the 
gemcitabine groups in the JASPAC-125 and CONKO-0018 
studies respectively. In the JASPAC-1 trial, 149 (78%) 
patients had a relapse in the gemcitabine group and 
123 (66%) had a relapse in the S-1 group.25 In ESPAC-4, 
243 (66%) patients had a relapse in the gemcitabine 
group compared with 236 (65%) patients in the 
combination group. Despite the similarities between 
the JASPAC-1 and ESPAC-4 trials in overall relapse, 
major diﬀ erences were found in the frequency of 
tumour site recurrences, including local site recurrence 
(26% vs 53%), and liver metastases (26% vs 44%, 
respectively) in each of the respective gemcitabine 
groups. The reason for such discrepancies is unclear.
The proportion of patients who had salvage therapy in 
ESPAC-4 was relatively low; 94 (39%) of 243 patients in the 
gemcitabine group with relapse and 77 (33%) of 236 patients 
in the gemcitabine plus capecitabine group with relapse 
received additional treatment. In the JASPAC-1 trial, 
79 (42%) of 190 patients in the gemcitabine group stopped 
treatment before completion compared with 127 (35%) of 
366 patients in the ESPAC-4 trial, but only 52 (28%) of 
187 patients that started S-1 in JASPAC-1 stopped treatment 
before completion compared with 169 (46%) patients in the 
combination group of ESPAC-4.25 Nevertheless, 127 (69%) 
of the patients in the gemcitabine group of JASPAC-1 
received second-line therapy (83 had S-1 based treatment) 
and 105 of 187 patients in the S-1 group (70 had gemcitabine 
based treatment).25 Numerous factors should be considered 
among these and other trials in comprehending these 
diﬀ erences including the distribution of adverse prognostic 
factors, the total dose intensity of per protocol therapy 
administered, the cumulative toxicity and fatigue, and 
other factors that might aﬀ ect the ability to deliver second-
line salvage therapy.
Patients with R0 resections in ESPAC-4 had better 
survival than those with R1 resection margins, but a 
substantial survival beneﬁ t with adjuvant chemotherapy 
was still observed in those with R1 resection margins 
(ﬁ gure 1). Adjuvant gemcitabine plus erlotinib did not 
improve survival in patients with R0 pancreatic cancer 
resections (CONKO-005).26 Further progress might be 
achieved through other combinations that have shown 
activity in advanced pancreatic cancer, with ongoing 
trials including the use of nab-paclitaxel plus 
gemcitabine,3 FOLFIRINOX,5 5-ﬂ uorouracil folinic acid, 
oxaliplatin and irinotecan (FOLFOXIRI),27 and 
gemcitabine, cisplatin, epirubicin, and capecitabine 
in stage I to II pancreatic cancers (PACT-15).28 The 
RTOG 0848 adjuvant phase 3 trial (NCT01013649) aims 
to determine the survival beneﬁ t for ﬂ uoropyrimidine-
based chemoradiotherapy after 5 months recurrence free 
survival from the start of adjuvant chemotherapy using 
either gemcitabine-based chemotherapy or non-
gemcitabine based chemotherapy, such as modiﬁ ed 
FOLFIRINOX. Additional traction might be gained by 
the further assessment of therapeutic predictive response 
markers such as the human equilibrative nucleotide 
Gemcitabine (n=366) Gemcitabine plus capecitabine (n=359) p value grade 
1–2
p value grade 3–4
Grade 1–2 Grade 3–4 Grade 5 Grade 1–2 Grade 3–4 Grade 5
Anaemia 213 (58%) 14 (4%) 0 201 (56%) 8 (2%) 0 0·549 0·279
Diarrhoea 151 (41%) 6 (2%) 0 161 (45%) 19 (5%) 0 0·331 0·008
Fatigue 241 (66%) 19 (5%) 0 230 (64%) 20 (6%) 0 0·641 0·870
Fever 74 (20%) 6 (2%) 0 62 (17%) 6 (2%) 0 0·342 1·000
Infection and infestations, other 56 (15%) 24 (7%) 0 37 (10%) 9 (3%) 1 (<1%) 0·046 0·012
Lymphocyte count decreased 100 (27%) 11 (3%) 0 78 (22%) 9 (3%) 0 0·085 0·821
Neutropenia 147 (40%) 89 (24%) 0 175 (49%) 137 (38%) 0 0·021 0·0001
Hand-foot syndrome 8 (2%) 0 0 111 (31%) 26 (7%) 0 <0·0001 <0·0001
Platelets 87 (24%) 7 (2%) 0 104 (29%) 8 (2%) 0 0·129 0·800
Thromboembolic events 7 (2%) 9 (2%) 0 16 (4%) 8 (2%) 0 0·058 1·000
White blood cell count decreased 136 (37%) 28 (8%) 0 141 (39%) 37 (10%) 0 0·593 0·242
Acute kidney injury 4 (1%) 2 (1%) 0 1 (<1%) 0 0 0·373 0·499
Multi-organ failure 0 0 1 (<1%) 0 0 0 NA NA
Cardiac disorders 4 (1%) 1 (<1%) 1 (<1%) 3 (1%) 0 0 1·000 1·000
Benign, malignant, and unspeciﬁ ed 
neoplasms (including cysts and polyps), 
other
1 (<1%) 0 3 (1%) 0 1 (<1%) 0 1·000 0·495
Fisher’s exact test was used to show statistically signiﬁ cant diﬀ erences between the two groups. NA=not applicable.
Table 5 : Grade 1–5 adverse events with gemcitabine alone and gemcitabine plus capecitabine
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transporter 1 and carboxylesterase 2 in selecting the 
optimum treatment regimens.29,30 However in patients 
with resected pancreatic cancer, the results of ESPAC-4 
indicate that adjuvant gemcitabine plus capecitabine is 
the new standard of care.
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